The subject of the Mechanics of Labour has been made by succeeding generations of obstetricians a battlefield, on which almost interminable wars have been fought. A study of the rival causes which have been championed shows that the forces which play and interplay, act and react, to bring about parturition are unexpectedly complicated. The subject is, therefore, one of considerable interest, the more so because some of the generally accepted theories to explain these forces ring untrue when judged from a mechanical standpoint.
Smellie has said in a paper describing the uses of his forceps,1 " I endeavour to reduce the art of Midwifery to the principles of mechanism, ascertain the make, shape, and situation of the pelvis together with the form and dimension of the child's head and explain the method of extracting from the rules of moving bodies in different directions. " It is certain that those early workers whose names are sacred in the history of midwifery, owed much of their success to a clearer knowledge of the mechanism of labour than their contemporaries possessed.
With such knowledge the obstetrician can co-operate with nature's forces: without it co-operation is replaced by interference. This subject is, therefore, of more than academic importance.
Of all the movements which take place in parturition none is more surprising, none is more difficult of explanation, and none has provoked more discussion than the rotation of the foetus, and it is with the object of examining anew this vexed subject that this paper has been prepared. It is necessary, however, to include under the heading of rotation the similar movements of other denominators which take place in abnormal presentations. Thus, the rotational movement of the child's pelvis in a breech delivery, and the similar movements of the after-coming head must also be included, although it must not be assumed that these movements are necessarily caused by the same forces which determine rotation in a vertex presentation. Again, the movement of external rotation of the head is in reality an internal rotation of the trunk, and must be included with the other forms of rotation.
On the necessity of internal rotation all are agreed : unless the passenger is very small in proportion to the passages, the absence of rotation will cause an impaction. Buchanan2 has demonstrated this fact in a novel manner, and, while one does not agree entirely with its accuracy, his model demonstrating the necessity of rotation is amusing, instructive, and convincing. That such an important process must demand constant and powerful forces to bring it about is obvious, yet the origin and nature of these forces is one of the most obscure of all problems of midwifery mechanics.
A theory to be valid must explain the occurrence of rotation in both normal and abnormal presentations. It must also explain why on rare occasions the mechanism breaks down and rotation does not occur at all, or if it does, is in the wrong direction. Two other facts it must explain. These are the much quoted experiments of Dubois3 and of Edgar.4 Dubois found that rotation occurred from the occipitoposterior position when a dead foetus was pushed through the birth canal of a woman who had recently died in childbed. This experiment succeeded three times, but failed on the fourth. A larger foetus was then substituted, and the experiment succeeded on two further occasions. Edgar Indeed, the effect in some cases is so marked that the long occipito-frontal diameter is virtually obliterated, and, owing to the flattened landmarks, measurement may be so difficult that any figures arrived at are of little interest. In effect, the anterior and posterior projections of the elliptical head are withdrawn. The previous excess of the occipitofrontal diameter has been deducted and added to the longest diameter of the head. Before moulding this was the occipitomental diameter : it is now a vertico-mental diameter.
The new shape of the head is well shown in the accompanying diagrams and photographs. On the full appreciation of this change rests the acceptance of the later theories in this paper.
( Fig. i a, b , c, and d; Fig. 2 and Fig. 3 Barbour's7 technic, frozen sections were made: (i) through the suboccipito-bregmatic diameter ; (2) through the suboccipito-frontal diameter ; (3) through the suboccipito-mental diameter; (4) through the neck close to the base of the skull. From the photographs and tracings of the last two, it will be seen that the centre of the body of the second cervical vertebra lies | in. from the front, and i? in. from the back of the neck. The transverse processes lie \ in. behind this point, and are, therefore, practically in the centre of the section. Flexion thus takes place in the middle of the neck. When, however, the foetus is in the birth canal, its configuration and attitude, as seen in frozen sections, is such that the anterior part of the neck does not reach the wall of the canal.
The vertebral column is, therefore, no longer central with regard to passage through which the body is driven.
If the child's head is looked at from the side as in Fig. 1 shows how well marked it is in the second stage.
The Shape of the Head on Cross Section.?If a newly-born child with a well-moulded head is held in position in a pelvis, and if the head is flexed as it is in labour, it will be seen that not only is the presenting part (which canalises the structures) circular, but every successive segment which passes through the canal is either circular on cross section, or is slightly elliptical.
It is never asymmetrical. Actual measurements taken of the newly-born head show that the suboccipito-bregmatic and biparietal diameters are nearly equal, the latter often being less by -J inch (or 4 per cent). It therefore follows that a cross section at this level is very nearly circular. To demonstrate this fact more fully, a method was found of using a loop of easily moulded lead. This loop pressed around the head records the shape which can later be traced on paper. Such tracings are shown. Further evidence was obtained from the frozen sections made in the suboccipito-bregmatic and sub-218 occipitofrontal diameters. These investigations clearly show that at the "girdle of contact" the foetal head is practically circular.
Because the advancing part of the moulded head is a rounded dome, and because the head is virtually circular in cross section at this point, and because the head is a tight fit in the birth canal, it follows that the part of the pelvic floor which it first touches and depresses is situated in the mid-line, and, as descent continues, both levator-ani muscles are equally distended.
Conclusions arrived at from these Investigations.
1. That moulding profoundly alters the shape of the foetal head.
2. That the head becomes a bluntly pointed cylindrical structure.
3. That when the moulded head is fully flexed, the long axis is very nearly parallel to, and continuous with, the long axis of the body. As has already been shown, a study of the newly-born child's head makes it impossible to understand how the occiput can by itself be the first part to come into relation with the sacral segment, and the evidence of frozen sections confirms this opinion (Fig. 4) . Only when the sacral segment is well depressed does the occiput come into relation with it;
but by that time the vertex and sinciput are also embraced.
The dome-shaped leading part of the head which first encounters the sacral segment is the posterior part of the vertex (Fig. 3) Fig. 5 shows that it is a fairly accurate representation of the parturient passage ( Fig. 5 and Fig. 6 ).
The second part consists of two wooden cylindrical blocks jointed in a special manner. When at rest the long axes of the two cylinders are continuous with each other (Fig. 7) .
Each cylindrical block will by itself easily pass through the hollow cylinder, but if they are articulated, jamming occurs.
The reason for this is that when the leading cylinder has negotiated the curve, its point of articulation will lie in the centre of the lumen of the cylinder. The second cylinder will, however, still be at right angles to the first, and its point of articulation will nearly touch the wall of the canal at the point of the greatest convexity of the curve. Hence, the two 227 the elastic bands will be termed the anterior, the posterior, and the lateral bands, in accordance with the similar forces which they represent in the foetus.
The driving force is imparted to the artificial foetus by means of a rod attached through a swivel joint to the rear cylinder. It is, therefore, only possible to exert a driving action on the foetus; no rotational force can be conveyed through the rod. It is also possible to withdraw the body from the cylinder, and thus an up and down movement can be obtained, similar to that which the foetus undergoes in labour.
Interesting results confirming theory have rewarded the construction and study of this model. Three experiments will be described. Consider the forces which act on each end of the stretched elastic bands when the model is bent on negotiating the curve of the canal (Fig. 8) . 230 Suppose the " foetus" to be in an R.O.P. position, then the strong posterior band AE is under tension. The point E is therefore pulled towards A. By the rule of the parallelogram of forces it is legitimate to regard AE as the resultant of two component forces of equal magnitude, ER and ES.
The force ES acts by retarding the advance of the " foetus."
It can play little part in rotation and may therefore be ignored.
Consider now the force ER.
In a section at right angles to the last, this force is again shown (Fig. 9) .
Again split this force into two components ET and EU. EU passes through the centre of rotation, and therefore cannot influence rotation.
It can be ignored. The force ET is a tangential force and is active in the matter of rotation.
All that has been said can be repeated for the forces acting on the point H, which marks the point of attachment of the lateral elastic band.
But, because this band is weaker, the forces which it evokes will all be of smaller magnitude. Hence From what has just been said it will be understood that the essential factor in the cause of rotation is the unequal degree of ease with which the head can be bent on the trunk in different directions. in direction of extension (a negative figure) 3 lbs.
Sellheim has apparently arrived at similar conclusions by use of a tightly fitting skull cap, through which the child's head could be deflected by means of a spring.
In estimating the force required to bend the head on the trunk in different directions, it has been shown that the force required to cause extension was a minus figure. This is another way of stating that the attitude of the fcetus was not the position of rest. When at rest, the head is slightly extended on the body, causing the foetal axis to be angulated. In the case in which the measurements were taken, a force equal to the pull of 3 lbs. was required to bring the axis of the head into line with that of the trunk, as it is when rotation begins.
The effect of this force is to augment the tendency for rotation to take place. This statement can be easily verified by suitably altering the model already described.
To demonstrate these facts still more clearly, a second model was made (Fig. 10) In these cases the head is almost as easily flexed as extended. An essential factor for rotation is thus missing and rotation consequently fails.
From the foregoing it will be realised that it can justly be claimed that an amply satisfying explanation for rotation of the foetus has been given. Internal rotation of the foetal head in normal and abnormal positions, rotation of the shoulders and of the breech, even rotation of the after-coming head, can all be adequately accounted for. 
